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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film-forming apparatus 
having proper controllability, with which physical properties of the 
formed film can be easily controlled, and which can fonn a film with high 
productivity. 

SOLUTION: A substrate 5 on which a film is to be formed is loaded on 
an anode electrode 3, and a source gas is fed to a reaction chamber 1 ; 
high-frequency voltage is applied between the anode electrode 3 and a 
cathode electrode 4, positioned facing the anode electrode 3 to 
generate plasma of the source gas; and the cathode electrode 4 is 
moved close to or moved away from the anode electrode 3, during the 
film formation by controlling a driving section 8, using a control section 
9. 
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' NOTICES * 

rPO and INPIT are not responsible for any 
lamages caused by the use of this translation. 

..This document has been translated by computer. So the translation may not reflect the original precisely. 
!.**** shows the word which can not be translated. 
l.In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 

pool] 

Field of the Invention] This invention relates to membrane formation equipment, plasma-CVD equipment, the 

nembrane formation approach, and a sputtering system. 

0002] 

Description of the Prior Art] The chemical vapor deposition (C VD) using the plasma is used when forming the semi- 
;onductor layer of a photovoltaic cell. Drawing 6 is the mimetic diagram of conventional plasma-CVD equipment. One 
n drawing has carried out opposite arrangement of the anode electrode 3 which is a reaction chamber and should lay a 
lubstrate 5 in the reaction chamber 1 interior of this, and the cathode electrode 4 connected to RF generator 6 of the 
eaction chamber 1 exterior. Moreover, the reaction chamber 1 was equipped with the exhaust air system 2 which 
jxhausts the reaction chamber 1 interior of this in the shape of a vacuum, and the supply pipe 7 which supplies material 
jas from this reaction chamber 1 exterior, and this supply pipe 7 is equipped with control-of-flow system 7a which 
controls the flow rate of material gas. An actuator 8 moves the cathode electrode 4 in the attachment-and-detachment 
lirection over the anode electrode 3. 

0003] When the silicon germanium film is formed in the substrate 5 laid in the anode electrode 3 using said plasma- 
ZYD equipment, Exhaust the reaction chamber 1 interior using the exhaust air system 2, and the inter-electrode distance 
)etween the anode electrode 3 and the cathode electrode 4 is suitably separated using an actuator 8. A silane and 
jermane are supplied in a reaction chamber 1 as material gas of silicon germaniimi using a supply pipe 7. By impressing 
ligh-frequency voltage between covmterelectrodes using RF generator 6, plasma decomposition of a silane and ttie 
germane is carried out, a silicon precursor and a germanium precursor, nothing and this silicon precursor, and a 
jermanium precursor are vapor-deposited to a substrate 5, and silicon germanium is deposited. When changing 
;ontinuously the presentation ratio of the direction of thickness of this silicon germanium, the flow rate of material gas is 
controlled using control-of-flow system 7a, and a presentation ratio is changed. 

0004] It is known that a photovoltaic cell can improve photoelectrical effectiveness by changing continuously the 
)resentation ratio of the direction of thickness of a semi-conductor layer (JP, 10-2 14984, A). 
0005] At the time of manufacture of electron devices (LED, TFT, EL, etc.), not only the semi-conductor film but 
arious kinds of film (an insulator layer, electric conduction film) is formed. In this membrane formation, the membrane 
brmation approach by the sputtering system and the sputtering system is used besides the membrane formation approaci 
)y plasma-CVD equipment and plasma-CVD equipment. In the conventional sputtering system, it is necessary to 
embrace the class of film to form, to change and exchange targets each time from what the physical properties (the 
classification of a conductor, a semi-conductor, and an insulator, a presentation, a presentation ratio, a conduction type, 
conductivity, etc.) of the film fundamentally formed according to the class of target are decided for, and to pick out the 
lubstrate with which the fihn is formed from a sputtering system. Moreover, to use a special target, it is necessary to also 
nake a sputtering system only into for the targets from a viewpoint of contamination (foreign matter mixing) prevention 
;tc. Thus, when forming the film of different physical properties, since the conventional sputtering system needed to picl 
)ut the device under manufacture from that modification of a target is needed and a sputtering system, it had brought 
ibout the increment in the number of manufacture processes, protraction of a throughput, and lowering of the product 
'ield, i.e., the increment in a manufacturing cost. 

0006] Moreover, in the conventional spatter, a spatter is carried out in the gas ambient atmosphere containing V group 
itom which serves as an acceptor, using the target which added the impurity containing V group atom which serves as ar 
icceptor as an approach of controlling an II-VI group semi-conductor thin film to p mold conductivity, for example, and 
here is the approach of controlling to p mold conductivity by incorporating an acceptor in the film to form. Moreover, a 
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ipatter is carried out in the gas ambient atmosphere containing the III group atom which serves as a donor, using the 
arget which added the impurity containing the III group atom which serves as a donor as an approach of controUing an 
I- VI group semi-conductor thin film to n moid conductivity similarly, and there is the approach of controlling to n mold 
:onductivity by incorporating a donor in the film to form. 

0007] That is, it is required to carry out a spatter in the gas ambient atmosphere containing the atom which prepares 
espectively the target which added the impurity containing the atom which serves as an acceptor or a donor, and 
)erforms a spatter, or serves as an acceptor or a donor, in order to carry out valence-electron control (pn control) of the 
lemi-conductor thin film formed by the spatter. Furthermore, in order to carry out the laminating of the semi-conductor 
hin film controlled by these p molds and n mold and to form pn junction, it is required to make a p type semiconductor 
hin film and a n-type-semiconductor thin film into a respectively different target and different process conditions (a 
lifferent sputtering system), and it is difficult to form membranes continuously within the same sputtering system. 
Therefore, when carrying out valence-electron control by the conventional spatter approach, it is necessary to prepare 
wo or more target or two or more sputtering gas, a process increases, and a throughput becomes late, as a result a 
nanufacturing cost becomes high. 

0008] Moreover, in the conventional spatter, when forming the film by the spatter (reactant spatter) into the gas 
:ontaining reactant gas, in order to control the concentration in the film of the element contained in reactant gas, it is 
lecessary to control the flow rate (partial-pressure-of-gas ratio) of reactant gas and sputtering gas. However, since the 
:ontrol by the quantity-of-gas-flow ratio has a time lag in the flow of gas, as for a reaction, it is blunt to require time 
imount to reflect control of the quantity-of-gas-flow ratio in a control system in the condition of the gas of a reaction 
:hamber etc., and quick control cannot be performed and needs control by the complicated control-of-flow system. 
0009] Moreover, the conventional sputtering system lacks in mass production nature firom the particulars on structure, 
ind continuous membrane formation was not able to do it. 
0010] 

Problem(s) to be Solved by the Invention] When controlling the flow rate of material gas and changing a presentation 
atio using conventional plasma-CVD equipment, in order for exchange of material gas to take time amount, Time 
lifference arises between the event of changing the flow rate of material gas to a necessary value, and the event of the 
ibundance ratio of the material gas in a reaction chamber 1 becoming a necessary value, and it cannot control promptly, 
rhis sake. When especially the rate of sedimentation of a film ingredient was early, there was a problem that it became 
iifficult to change the presentation ratio of a film ingredient to a precision. Moreover, the problem of being required also 
lad complicated control-of-flow system 7a designed in consideration of the detailed flow of material gas. 
00 11] When forming the film of different physical properties (the classification of a conductor, a semi-conductor, and 
in insulator, a presentation, a presentation ratio, a conduction type, conductivity, etc.), since modification of a target was 
leeded, the conventional sputtering system once needed to pick out the device under membrane formation from the 
iputtering system, and had problems, such as bringing about the increment in the number of manufacture processes, 
)rotraction of a throughput, and lowering of the product yield, i.e., the increment in a manufacturing cost. Moreover, 
hen valence-electron control was carried out by the conventional spatter approach, there was a problem that it is 
lecessary to prepare two or more target or two or more sputtering gas, a process increased, and a throughput became 
ate, as a result a manufacturing cost became high. Moreover, the conventional sputtering system which controls a 
luantity-of-gas-flow ratio had the blunt reaction, and quick control was not completed and had the problem of needing 
:ontrol by the complicated control-of-flow system. 

0012] It is in this invention being made in view of this situation, and the place made into the object being able to control 
lasily the physical properties of the film formed by considering as the configuration which carries out adjustable control 
)f the distance between the part of the 1st electrode and the 2nd electrode which should arrange the substrate which 
brms the film, and offering the good membrane-formation equipment of the controllability with sufficient productivity 
hich can form membranous. 

0013] By having a means to change the inter-electrode distance between the 1st electrode and the 2nd electrode, other 
)bjects of this invention do not have to carry out complicated control by the control-of-flow means (without having a 
:omplicated control means), and aim to let manufacture offer easy plasma-CVD equipment. By having the 2nd electrode 
hich has two or more slant faces which incline in the migration direction of the 1st electrode or the 2nd electrode, other 
)bjects of this invention do not have to carry out complicated control by the control-of-flow means (without having a 
:omplicated control means), and offering easy plasma-CVD equipment has manufacture. 

0014] other objects of this invention make the 1st electrode which arranges the substrate approach or isolate the 2nd 
jlectrode ~ for example, it is in offering the membrane formation approach that the presentation ratio of a film ingredien 
;an be changed to a precision, without changing other formation conditions, such as a flow rate of material gas, or 
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lischarge conditions, using plasma-CVD equipment according to claim 2. Other objects of this invention are, for 
example using plasma-CVD equipment according to claim 3 by using the 2nd electrode which has two or more slant 
aces which incline in the migration direction of the 1st electrode or the 2nd electrode to offer the membrane formation 
ipproach according to claim 4 and the membrane formation approach that the same effectiveness can be acquired. 
0015] Moreover, other objects of this invention are by having a means to change the inter-electrode distance between 
he 1st electrode and the 2nd electrode to offer the membrane formation approach by the single sputtering system, the 
angle target, the sputtering system that can form continuously in arbitration the film of physical properties (the 
•classification of a conductor, a semi-conductor, and an insulator, a presentation, a presentation ratio, a conduction type, 
:onductivity, etc.) which are different in a single process, and this sputtering system. For example, when an oxide 
ngredient is used for a target, it aims at offering tihe sputtering system which can make a membranous class continuousl) 

ith a conductor, a semi-conductor, and an insulator, and can divide it, and the membrane formation approach. 
0016] Moreover, other objects of this invention are by having the 2nd electrode which has two or more slant faces 

hich incline in the migration direction of the 1st electrode or the 2nd electrode to offer the membrane formation 
ipproach by the single sputtering system, the single target, the sputtering system that can form continuously in 
irbitration the film of physical properties (the classification of a conductor, a semi-conductor, and an insulator, a 
)resentation, a presentation ratio, a conduction type, conductivity, etc.) which are different in a single process, and this 
puttering system. For example, when an oxide ingredient is used for a target, it aims at offering the sputtering system 

hich can make a membranous class continuously with a conductor, a semi-conductor, and an insulator, and can divide 
t, and the membrane formation approach. 

0017] Moreover, other objects of this invention are by having the 2nd electrode which has two or more partial 
ilectrodes with which the distance between the 1st electrode differs to offer the membrane formation approach by the 
lingle sputtering system, the single target, the sputtering system that can form continuously in arbitration the film of 
)hysical properties (the classification of a conductor, a semi-conductor, and an insulator, a presentation, a presentation 
atio, a conduction type, conductivity, etc.) which are different in a single process, and this sputtering system. For 
example, when an oxide ingredient is used for a target, it aims at offering the sputtering system which can make a 
nembranous class continuously with a conductor, a semi-conductor, and an insulator, and can divide it, and the 
nembrane formation approach. 

0018] Moreover, for example, in formation of the compound system thin film containing two or more elements, an allo} 
lystem thin film, etc., it aims at offering the membrane formation approach by the sputtering system which can control a 
)resentation ratio to a precision, and this sputtering system. Moreover, it aims at offering the membrane formation 
ipproach by the sputtering system which can control a presentation ratio to a precision, and this sputtering system in 
brmation of the metallic-oxide thin film containing the element which has the property which serves as a gas among 
)ase, for example, a nitride thin film, etc. Moreover, it faces, forming an II-VI group semi-conductor thin film for 
jxample, and aims at offering the membrane formation approach by the sputtering system which can make an II-VI 
jroup semi-conductor thin film with p mold and n mold at the time of formation, and can divide a membranous class, 
ind this sputtering system by controlling inter-electrode distance by forming the film by which valence-electron control 

as carried out in the direction of thickness. Moreover, it aims at offering the membrane formation approach by the 
iputtering system which can control the concentration in the film of the element contained in reactant gas, for example, 
ind this sputtering system. Moreover, it aims at offering the membrane formation approach by the sputtering system 

hich fitted mass production especially, and this sputtering system suitable for mass production. 
0019] 

Means for Solving the Problem] The 1st electrode which arranges the substrate with which the membrane formation 
jquipment conceming the 1st invention should form the film in a reaction chamber, In membrane formation equipment 
jquipped with the 2nd electrode which counters the part which should arrange said substrate of this 1st electrode, and is 
irranged, and a means to supply gas in said reaction chamber, it is characterized by having considered as the 
:onfiguration which carries out adjustable control of the distance between the part and the 2nd electrode which should 
irrange said substrate. 

0020] In the 1st invention, since it considered as the configuration which carries out adjustable control of the distance 
)etween the part and the 2nd electrode which should arrange a substrate, it becomes possible to be able to control the 
)hysical properties of the film to form easily, and to offer the good membrane formation equipment of the controllability 
ith sufficient productivity which can form membranous. 

0021] The 1st electrode which arranges the substrate with which the plasma-CVD equipment conceming the 2nd 
nvention should form the film in a reaction chamber, The 2nd electrode which cotmters the part which should arrange 
laid substrate of this 1st electrode, and is arranged, With the actuator which moves at least one side in the attachment- 
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ind-detachment direction over another side among this 2nd electrode or said 1st electrode In plasma-CVD equipment 
iquipped with a means to supply material gas in said reaction chamber, and a means to impress an electrical potential 
iifference in order to generate the plasma of said material gas between said 1st electrode and said 2nd electrode It is 
iharacterized by having a means to memorize the modification data of the inter-electrode distance between said 1st 
jlectrode and said 2nd electrode, and a means to control said actuator according to these modification data. 
0022] The 1st electrode which should arrange a substrate when manufacturing the plasma-CVD equipment for forming 
he film to which the presentation ratio of the direction of thickness was changed continuously, if it is in the 2nd 
nvention. To conventional plasma-CVD equipment equipped with the actuator which adjusts the inter-electrode distance 
)etween the 2nd electrode Since it is not necessary to suppose that a means to control said actuator is added so that the 
nter-electrode distance between the 1st electrode and the 2nd electrode may be changed according to the modification 
lata of inter-electrode distance, and it is not necessary to design this means in consideration of the detailed flow of 
naterial gas, It is not necessary to carry out complicated control by the control-of-flow means (without having a 
jomplicated control means), and manufacture can offer the good plasma-CVD equipment of a controllability easily. 
0023] The 1st electrode which arranges the substrate with which the plasma-CVD equipment conceming the 3rd 
nvention should form the film in a reaction chamber, The 2nd electrode which counters the part which should arrange 
laid substrate of this 1st electrode, and is arranged. With the actuator which moves at least one side in the direction 
hich crosses in the opposite direction of said 1st electrode and said 2nd electrode among this 2nd electrode or said 1st 
jlectrode In plasma-CVD equipment equipped with a means to supply material gas in said reaction chamber, and a 
neans to impress an electrical potential difference in order to generate the plasma of said material gas between said 1st 
ilectrode and said 2nd electrode Said 2nd electrode has two or more slant faces in the side which counters said 1st 
Jectrode of this 2nd electrode, and it is characterized by this slant face inclining in the migration direction of said 1st 
slectrode or said 2nd electrode. 

0024] When the plasma-CVD equipment for forming the film to which the presentation ratio of the direction of 
hickness was changed continuously if it is in the 3rd invention is manufactured. At least one side moves among the 1st 
electrode which should arrange a substrate, or the 2nd electrode. To therefore, difficult conventional plasma-CVD 
jquipment, controlling the flow rate of material gas and changing a presentation ratio In order to have the 2nd electrode 
hich has two or more slant faces which replace with the 2nd conventional plate-like electrode, and incline in the 
nigration direction of the 1st electrode or the 2nd electrode in the side which counters said 1st electrode, It is not 
lecessary to carry out complicated control by the control-of-flow means (without having a complicated control means), 
ind manufacture can offer the good plasma-CVD equipment of a controllability easily. 

0025] The membrane formation approach conceming the 4th invention arranges the substrate which should form the 
ilm in the 1st electrode which it had in the reaction chamber, and supplies two or more kinds of material gas in said 
eaction chamber. Said 1st electrode, An electrical potential difference is impressed between the 2nd electrode which 
lounters said substrate and is arranged, the plasma of said material gas is generated, and it is characterized by moving at 
east one side in the attachment-and-detachment direction over another side among said 2nd electrode or said 1st 
electrode during membrane formation. 

0026] If it is in the 4th invention, the substrate which should form the film is arranged to the 1st electrode, the material 
;as (a silane and germane) of the film ingredient (for example, silicon germanium) which comes to use two or more 
natter is supplied all over a reaction chamber, and an electrical potential difference is impressed between the 1st 
;lectrode and the 2nd electrode. At this time, material gas carries out plasma decomposition, said matter serves as a 
)recursor (a siUcon precursor and germanium precursor), respectively, and when this precursor vapor-deposits to a 
lubstrate, the film (silicon germanium film) is formed in a substrate. The presentation ratio of the film ingredient 
leposited on the substrate is proportional to the ratio of concentration of the precursor with which this substrate touched. 
Concentration becomes low as the precursor with a small diffusion rate has the high concentration in a gaseous phase 
ind separates from this 2nd electrode near the 2nd electrode compared with a precursor with a large diffusion rate. For 
his reason, inter-electrode distance between the 1st electrode and the 2nd electrode is made small during membrane 
brmation, and the presentation ratio of a film ingredient can be changed to a precision, without changing other formatioi 
conditions, such as a flow rate of material gas, or discharge conditions, using the plasma-CVD equipment of the 1st 
nvention, since a diffusion rate can increase the amount of vacuum evaporationo of a small precursor, can enlarge said 
nter-electrode distance and can decrease said amount of vacuum evaporationo. 

0027] Moreover, since said concentration falls more rapidly and regularly as it comes to carry out localization of the 
)lasma to the 2nd electrode side extremely and separates from this 2nd electrode the more, the more the pressure in a 
eaction chamber is high, when the plasma is being generated in a reaction chamber, the presentation ratio of a film 
ngredient can be changed more to a precision. Moreover, near the 2nd electrode, since the concentration of a precursor 
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ith a small diffusion rate becomes high, the ratio of concentration of a precursor becomes larger than the flow rate of 
naterial gas, the alimentation of a film ingredient with the small diffusion rate of a precursor increases, and the 
itilization effectiveness of this film ingredient improves. 

0028] The membrane formation approach concerning the 5th invention arranges the substrate which should form the 
ilm in the 1st electrode which it had in the reaction chamber, and supplies two or more kinds of material gas in said 
eaction chamber. Said 1st electrode, Counter said substrate, arrange, impress an electrical potential difference between 
he 2nd electrode which has two or more slant faces in the side which counters this substrate, and the plasma of said 
naterial gas is generated. It is characterized by moving at least one side in the direction which crosses in the opposite 
lirection of said 1st electrode and said 2nd electrode among said 2nd electrode or said 1st electrode during membrane 
brmation. 

0029] If it is in the 5th invention, the substrate which should form the film is arranged to the 1st electrode, the material 
jas of the film ingredient which comes to use two or more matter is supplied all over a reaction chamber, an electrical 
)Otential difference is impressed between said 1 st electrode and the 2nd electrode which has two or more slant faces, 
ind, subsequently to the direction of a flat surface of the 1st electrode, at least one side is moved to it among the 1st 
jlectrode or the 2nd electrode. At this time, material gas carries out plasma decomposition, said matter serves as a 
)recursor, respectively, and concentration becomes low as concentration is high and it separates from this 2nd electrode 
lear the 2nd electrode compared with a precursor with a large diffusion rate, and a layer with this equal concentration 
)roduces the precursor with a small diffusion rate along said slant face of the 2nd electrode. For this reason, the 1st 
Jectrode will pass in order two or more layers from which the concentration of each precursor differs, respectively. 
Jince pass a layer with the high concentration of said precursor, the amount of vacuum evaporationo of this preciu'sor 
ncreases, a layer with said concentration low when inter-electrode distance is large is passed and said amount of vacuun: 
jvaporationo decreases, when the inter-electrode distance between this 1st electrode and the 2nd electrode is small. For 
jxample, the same effectiveness as the membrane formation approach of the 4th invention can be acquired using the 
)lasma-CVD equipment of the 3rd invention. 

0030] The 1st electrode which arranges the substrate with which the sputtering system concerning the 6th invention 
ihould form the film in a reaction chamber. With the actuator which moves at least one side in the attachment-and- 
letachment direction over another side among the 2nd electrode which counters said substrate and arranges a target, and 
his 2nd electrode or said 1st electrode In a sputtering system equipped with a means to supply discharge gas in said 
eaction chamber, and a means to impress an electrical potential difference in order to generate the spatter by said 
iischarge gas between said 1st electrode and said 2nd electrode It is characterized by having a means to memorize the 
nodification data of the inter-electrode distance between said 1st electrode and said 2nd electrode, and a means to 
control said actuator according to these modification data. 

0031] The 1st electrode which arranges the substrate with which the sputtering system concerning the 7th invention 
ihould form the film in a reaction chamber. With the actuator which moves at least one side in the direction which 
:rosses in the opposite direction of said 1st electrode and said 2nd electrode among the 2nd electrode which should 
counter said substrate and should arrange a target, and this 2nd electrode or said 1st electrode In a sputtering system 
equipped with a means to supply discharge gas in said reaction chamber, and a means to impress an electrical potential 
lifference in order to generate the spatter by said discharge gas between said 1st electrode and said 2nd electrode Said 
!nd electrode has two or more slant faces in the side which counters said 1st electrode, and this slant face is 
characterized by inclining in the migration direction of said 1st electrode or said 2nd electrode. 
0032] The 1st electrode which arranges the substrate with which the sputtering system concerning the 8th invention 
ihould form the film in a reaction chamber. With the actuator which moves at least one side in the direction which 
crosses in the opposite direction of said 1st electrode and said 2nd electrode among the 2nd electrode which should 
counter said substrate and should arrange a target, and this 2nd electrode or said 1st electrode In a sputtering system 
equipped with a means to supply discharge gas in said reaction chamber, and a means to impress an electrical potential 
lifference in order to generate tiie spatter by said discharge gas between said 1st electrode and said 2nd electrode Said 
Ind electrode is characterized by having two or more partial electrodes with which the distance between said 1st 
electrode differs. 

0033] The membrane formation approach concerning the 9th invention arranges the substrate which should form the 
ilm in the 1st electrode which it had in the reaction chamber. Counter the 2nd electrode at said substrate, arrange a 
arget, and discharge gas is supplied in said reaction chamber. An electrical potential difference is impressed between 
laid 1st electrode and said 2nd electrode, the spatter by said discharge gas is generated, and it is characterized by moving 
it least one side in the attachment-and-detachment direction over another side among said 2nd electrode or said 1st 
electrode during membrane formation. 
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0034] The membrane fomiation approach concerning the 10th invention arranges the substrate which should form the 
ilm in the 1st electrode which it had in the reaction chamber. Counter the 2nd electrode which has two or more slant 
aces in the side which counters said substrate at said substrate, and a target is arranged. Supply discharge gas in said 
eaction chamber, impress an electrical potential difference between said 1st electrode and 2nd electrode, and the spatter 
)y said discharge gas is generated. It is characterized by moving at least one side in the direction which crosses in the 
)pposite direction of said 1st electrode and said 2nd electrode among said 2nd electrode or said 1st electrode during 
nembrane formation. 

0035] The membrane formation approach conceming the 1 1th invention arranges the substrate which should form the 
ilm in the 1st electrode which it had in the reaction chamber. Counter the 2nd electrode equipped with two or more 
)artial electrodes with which the distance between said 1st electrode differs at said substrate, and a target is arranged. 
Jupply discharge gas in said reaction chamber, impress an electrical potential difference between said 1st electrode and 
laid 2nd electrode, and the spatter by said discharge gas is generated. It is characterized by moving at least one side in 
he direction which crosses in the opposite direction of said 1st electrode and said 2nd electrode among said 2nd 
ilectrode or said 1st electrode during membrane formation. 

0036] Since it has a means to change the inter-electrode distance between the 1st electrode and the 2nd electrode, in the 
)th invention and the 9th invention physical properties (a conductor -) which are different in a single sputtering system, 
I single target, and a single process The sputtering system which can form continuously film, such as classification of a 
:emi-conductor and an insulator, a presentation, a presentation ratio, a conduction type, and conductivity, in arbitration, 
\nd when the membrane formation approach by this sputtering system can be offered, for example, an oxide ingredient 
s used for a target, the sputtering system which can make a membranous class continuously with a conductor, a semi- 
conductor, and an insulator, and can divide it, and the membrane formation approach can be offered. 
0037] Since it has the 2nd electrode which has two or more slant faces which incline in the migration direction of the Is 
:lectrode or the 2nd electrode in the 7th invention and the 10th invention physical properties (a conductor ~) which are 
lifferent in a single sputtering system, a single target, and a single process The sputtering system excellent in the mass 
)roduction nature which can form continuously film, such as classification of a semi-conductor and an insulator, a 
)resentation, a presentation ratio, a conduction type, and conductivity, in arbitration. And when the membrane formation 
ipproach by this sputtering system can be offered, for example, an oxide ingredient is used for a target, the sputtering 
lystem which can make a membranous class continuously with a conductor, a semi-conductor, and an insulator, and can 
livide it, and the membrane formation approach can be offered. 

0038] Since it has the 2nd electrode which has two or more partial electrodes with which the distance between the 1st 
jlectrode differs in the 8th invention and the 1 1th invention physical properties (a conductor -) which are different in a 
lingle sputtering system, a single target, and a single process The sputtering system excellent in the mass production 
lature which can form continuously film, such as classification of a semi-conductor and an insulator, a presentation, a 
)resentation ratio, a conduction type, and conductivity, in arbitration. When the membrane formation approach by this 
iputtering system can be offered, for example, an oxide ingredient is used for a target, the sputtering system and the 
nembrane formation approach of making a membranous class continuously with a conductor, a semi-conductor, and an 
nsulator, and dividing it can be offered. 

0039] In the 6th invention thru/or the 1 1th invention, the membrane formation approach by the sputtering system and 
his sputtering system which can control a presentation ratio to a precision can be offered in formation of the metallic- 
)xide thin film containing the element which has the property which serves as a gas among base, for example, a nitride 
hin film, etc. Moreover, it faces, forming an II- VI group semi-conductor thin film for example, and the membrane 
brmation approach by the sputtering system and this sputtering system which can make an II-VI group semi-conductor 
hin film with p mold and n mold at the time of formation, and can divide a membranous class can be offered by 
controlling inter-electrode distance by forming the film by which valence-electron control was carried out in the 
lirection of thickness. Moreover, the membrane formation approach by the sputtering system and spatter which can 
control the concentration in the film of the element contained in reactant gas, for example can be offered. 
0040] 

Embodiment of the Invention] Hereafter, this invention is explained in full detail based on the drawing in which the 
jestalt of the operation is shown. 

-Gestalt 1 of operation> drawing 1 is the mimetic diagram of the plasma-CVD equipment conceming the gestalt 1 of 
)peration of this invention. One in drawing is a reaction chamber which has carried out evacuation of the interior using 
he exhaust air system 2. Into the reaction chamber 1, opposite arrangement of the anode electrode 3 and the cathode 
electrode 4 of a plane [ opposed face ] is carried out, respectively. The anode electrode 3 is grounded and the cathode 
slectrode 4 is connected to RF generator 6 of the reaction chamber 1 exterior. The glass substrate 5 which should form 

ittp://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/3/200' 



P,2002-359203,A [DETAILED DESCRIPTION] 



Page 7 of 2( 



nembranes is laid in the opposed face side with the cathode electrode 4 of the anode electrode 3. the area of a substrate f 
-.225cm2 it is - it is smaller than the area of the opposed face of the cathode electrode 4. Moreover, the reaction 
chamber 1 is equipped with the supply pipe 7 and control-of-flow system 7a which supply material gas from this reactioi 
ihamber 1 exterior. 

0041] An actuator 8 moves the cathode electrode 4 in the attachment-and-detachment direction over the anode electrode 
\ by having the stanchion which supports the cathode electrode 4, being controlled by the control section 9 of the 
eaction chamber 1 exterior, and driving this stanchion linearly in the direction of axial length of this stanchion. A 
jontrol section 9 receives the entry of data of modification of the inter-electrode distance between the anode electrode 3 
rom membrane formation initiation to membrane formation termination, and the cathode electrode 4 coming [ a 
)ersonal computer ] to use, and according to the data which memorized and memorized these data, as the cathode 
electrode 4 does not contact the substrate 5 on the anode electrode 3, it controls an actuator 8. Said data are data of inter- 
jlectrode distance when the time amount and this time amount from membrane-formation initiation pass, investigate 
)eforehand time amount required since the film which has the inter-electrode distance between the anode electrode 3 and 
he cathode electrode 4, and the relation and this presentation ratio of a film ingredient with a presentation ratio when 
brming membranes in this inter-electrode distance under necessary membrane formation conditions is formed on a 
:ubstrate 5, and have decided on it. 

0042] The design of equipment is easy for the above plasma-CVD equipments in order not to have the need of being 
ible to design, without taking the detailed flow of material gas into consideration, and performing precise control of a 
luantity-of-gas-flow ratio in control-of-flow system 7a. In addition, said plasma-CVD equipment may be a configuratior 
hich supplies material gas through a cathode electrode, for example, as long as inter-electrode distance is the 
:onfiguration which can be changed into arbitration. 

0043] Next, the membrane formation approach when forming membranes using said plasma-CVD equipment is 
explained, A table 1 shows the membrane formation conditions when forming the silicon germanium film using said 
)lasma-CVD equipment, 
0044] 
A table 1] 

S 1 



mmm (cm) 


0.8-4 


mm it) 


200 


S ^ (Pb) 


100 


(mW/cm2) 


50 


V7^IIS (seem) 


10 


yjU-7>2ftfi (seem) 


1 


^fllltfi (seem) 


100 



0045] When forming the silicon germanium film from which the presentation ratio of the direction of thickness changes 
jontinuously using said plasma-CVD equipment, first, inter-electrode distance between the anode electrode 3 and the 
;athode electrode 4 is set to 4cm or more, a substrate 5 is laid in the opposed face of the anode electrode 3, and, 
:ubsequently the material gas (a silane and germane) of silicon germanium is supplied all over a reaction chamber 1 
ising a supply pipe 7. Next, high-fi-equency voltage is impressed between the anode electrode 3 and the cathode 
jlectrode 4 using RF generator 6, and the plasma of material gas is generated between the anode electrode 3 and the 
lathode electrode 4. The silane and germane who did plasma decomposition at this time become a silicon precursor and ; 
germanium precursor. When a pressure is set to lOOPa or more, the plasma of high density carries out localization to a 
ield with a thickness of less than 1.5cm along with the opposed face of the cathode electrode 4, and consists sheet-like 
)f other parts. 

0046] In said field, the rate of a germanium precursor to a silicon precursor becomes larger than germane's rate to a 
lilane, and the rate of a germanium precursor decreases in proportion to the inter-electrode distance fi"om this field. Since 
he silicon germanium film is formed when each precursor vapor-deposits to a substrate 5, A control section 9 controls 
in actuator 8, said inter-electrode distance is first set to 4cm, membrane formation is started, next the cathode electrode A 
s gradually moved until this inter-electrode distance is set to 0.8cm. Subsequently The cathode electrode 4 is moved 
apidly, said inter-electrode distance is set to 1.5cm, and this inter-electrode distance is held between proper time 
imount. Subsequently The cathode electrode 4 is moved rapidly, said inter-electrode distance is set to 0.8cm, finally, the 
.athode electrode 4 is moved gradually and membrane formation is ended until said inter-electrode distance is set to 
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0047] A table 2 shows the membrane formation conditions when forming the silicon germanium film from which the 
)resentation ratio of the direction of thickness changes continuously using conventional plasma-CVD equipment. 
0048] 
A table 2] 

n 2 



mmm (cm) 


3 


mm it) 


200 


ff ^ (Pa) 


100 


RF/<9- (mW/cfn2) 


50 


i/7Vj![S (seem) 


10 


^;u-7>3Sl (seem) 


0-1.6 


j^l^MM (seem) 


100 



0049] Although a germane flow rate is made regularity (Isccm) and inter-electrode distance is changed between 0.8-4 
cm) when using the CVD system of the gestalt of this operation, when using conventional plasma-CVD equipment, 
nter-electrode distance is made regularity (3cm), and a germane flow rate is changed between 0-1.6 (seem). 
0050] Drawing 2 is a graph which shows the relation between the inter-electrode distance when forming membranes 
ising the plasma-CVD equipment concerning the gestalt 1 of operation of this invention, and a presentation ratio. This 
;raph shows distribution of the direction of thickness (A) of the presentation ratio (germanium/silicon (%)) of the silicon 
germanium in the film measured using the secondary ion measuring device (SIMS), and the inter-electrode distance at 
he time of this thickness location formation (cm). Drawing 3 is a graph which shows the relation between the flow rate 
hen forming membranes using conventional plasma-CVD equipment, and a presentation ratio. This graph indicates the 
jermane / silane flow rate at the time of this thickness location formation (%) to be distribution of the direction of 
hickness (A) of the presentation ratio (germanium/silicon (%)) of the silicon germanium in the film measured using 
JIMS. 

0051] When a presentation ratio is controlled using inter-electrode distance, the presentation ratio is changing to 
nodification of inter-electrode distance and abbreviation coincidence and inter-electrode distance is rapidly changed 
rom drawing 2 , it tums out that a presentation ratio also changes rapidly. When a presentation ratio is controlled using 2 
low rate, it is late for modification of flow rate for a while, and the presentation ratio is changing and a flow rate is 
apidly changed from drawing 3 , it tums out that a presentation ratio changes gently. Although change of a presentation 
atio is also more slow and becomes loose since change of the abundance ratio of the material gas in a reaction chamber 
)ecomes slow compared with change of flow rate when a presentation ratio is controlled using a flow rate, and large- 
lized plasma-CVD equipment is used especially When a presentation ratio is controlled using inter-electrode distance, 
;ven if it is a time of using large-sized plasma-CVD equipment, it follows in footsteps of change of inter-electrode 
listance, and a presentation ratio also changes. 

0052] Moreover, when inter-electrode distance is 1.5cm or less, presentation ratio = germanium / silane is 40% or more, 
ind a membrane formation rate is 1.5A/s or more. At this time, it becomes utilization effectiveness = {presentation ratio 
I atom consistency (cm-3) x membrane formation rate (cm/min) x substrate area (cm2)} / more than {(Avogadro's 
iumber/22.4 (1)) x germane flow rate (1/min)} =15%. [ of material gas ] The above membrane formation approaches can 
change the presentation ratio of a film ingredient to a precision, without changing other formation conditions, such as a 
low rate of material gas, or discharge conditions, by changing an inter-electrode distance easily controllable by moving 
he cathode electrode 4. 

0053] Drawing 4 is the typical sectional view of the photovoltaic cell which has the pin structure manufactured using 
he plasma-CVD equipment conceming the gestalt 1 of operation of this invention. This photovoltaic cell comes to carry 
)ut the laminating of p amorphous layers, i layers, and the n layers, and a table 3 shows Ihe formation conditions of p 
ayers and n layers. 
0054] 
A table 3] 



ittp://www4.ipdl.inpit.go.jp/cgi-bin/tran_web__cgi_ejje 



8/3/200: 



P,2002-359203,A [DETAILED DESCRIPTION] 



Page 9 of 2( 











150 


200 


E ^ (Pa) 


1 3 


1 3 


RF/<9- (mW/cm2) 


70 


70 


S 1 H4 MS (s c cm) 


1 0 


10 


H2 M (seem) 


30 


10 


CH4IIII (seem) 


15 




B2 H6 MM. (seem) 


0. 1 




PHaM (seem) 




0. 1 



0055] Said photovoltaic cell is Sn02 on the glass light transmission substrate 50. The translucency electrode layer 51 
hich uses and has the shape of concavo-convex surface type is formed. On this translucency electrode layer 51, use the 
conventional plasma-CVD method and 52 [ p-layer ] is formed. On this p layer 52, use said membrane formation 
ipproach and i layer 53 from which the presentation ratio of the direction of thickness changes continuously by 
lontroUing inter-electrode distance is formed. On this i layer 53, said plasma-CVD method is used, 54 [ n-layer ] is 
brmed, and it comes to form the metal-electrode film 55 which used silver on this n layer 54 using a spatter. 
0056] A table 4 shows the property (after [ an optical exposure ] property) after the presentation ratio of the direction of 
hickness irradiates light on the property (initial property) immediately after manufacture with the conventional 
}hoto voltaic cell (conventional example) which comes to form i layers which change continuously and AM- 1.5, 100 
nW/cm2, 25 degrees C, and the conditions of 500 hours by controlling said photovoltaic cell (this example) and the flow 
ate of material gas. 
0057] 
A table 4] 

a 4 





(V) 


mA/cm 2 


mm 


mm 
(%) 




.670 


2 0,0 


.730 


9.78 




.660 


19.6 


.690 


8.90 




.650 


19.9 


.700 


9.05 




.640 


19.3 


.650 


8.03 



0058] A table shows that open circuit voltage, the short-circuit current, the curvilinear factor, and the value of 
conversion efficiency show the high numeric value compared with the photovoltaic cell of the conventional example, 
espectively, and photoelectrical effectiveness of the photovoltaic cell of this example is improving. In addition, p layers, 
layers, and n layers may be not only an amorphous substance but crystalline substances. Moreover, this invention may 
)e used for p layers or n layers, and a presentation ratio may be changed. Moreover, an electrode layer, n layers, i layers, 
) layers, and a translucency electrode layer may be formed on the substrate of protection-from-hght nature. Furthermore, 
he same effectiveness can be acquired even if it is the laminating mold photovoltaic cell which used said pin structure as 
he unit cell, and carried out two or more laminatings of this unit cell. 

0059] <Gestalt 2 of operation> drawing 5 is the mimetic diagram of the plasma-CVD equipment concerning the gestalt 
I of operation of this invention. 3 1 in drawing is the substrate electrode formed in the shape of a roll, it rolls round 
)efore membrane formation initiation and it is rolled roimd by the roll 81. When the end of the substrate electrode 31 
currently rolled round by this rolling-up roll 81 is rolled round and installation and this roUing-up roll 82 carry out 
evolution actuation at a roll 82, the substrate electrode 31 is rolled round from the rolling-up roll 81, moves to a roll 82 
:ontinuously and is rolled round by the rolling-up roll 82. 

0060] Counter the whole surface of the substrate electrode 31, and the tabular cathode electrode 41 is arranged, and the 
)pposed face to said whole surface of this cathode electrode 41 It inclines gently so that it may roll round from the end 
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)y the side of the roUing-up roll 81 and the inter-electrode distance between this cathode electrode 41 and the substrate 
ilectrode 31 may become small first to the other end by the side of a roll 82. Subsequently As it inclines gently, it is 
brmed so that it may incline rapidly so that it may become a plane so that uniformly [ it may incline rapidly so that said 
nter-electrode distance may become large, next / said inter-electrode distance ], and said inter-electrode distance may 
lubsequently become small, and said inter-electrode distance may become large at the last. In addition, the same sign is 
;iven to the same part as the gestalt 1 of operation, and those explanation is omitted. 

0061] Since flow rate of material gas can be controlled and the presentation ratio of a film ingredient cannot be 
:hanged, when forming membranes to the substrate which moves, When the silicon germanium film from which the 
)resentation ratio of the direction of thickness changes continuously is formed. The material gas (a silane and germane) 
)f silicon germanium is supplied all over a reaction chamber 1 using a supply pipe 7. High-frequency voltage is 
mpressed between the substrate electrode 3 1 and the cathode electrode 41, the plasma of material gas is generated 
)etween the substrate electrode 31 and the cathode electrode 41, and the substrate electrode 31 is made to move the 
nside of said plasma to it using RF generator 6. 

0062] A silane and germane do plasma decomposition, a silicon precursor and a germanium precursor arise, and 
compared with a silicon precursor, concentration becomes low as concentration is high at about 41 cathode electrode and 
t separates from this cathode electrode 41, and a layer with this equal concentration produces the germanium precursor 
ith a small diffiision rate in accordance with the configuration of the opposed face of the cathode electrode 41. For this 
eason, the substrate electrode 31 passes in order two or more layers from which the concentration of each precursor 
liffers, respectively. Pass a layer with the concentration of a germanium precursor high when the inter-electrode distance 
)etween the substrate electrode 3 1 and the cathode electrode 41 is small, and the amount of vacuum evaporationo of a 
germanium precursor increases. Since a layer with said low concentration is passed and said amount of vacuum 
ivaporationo decreases when inter-electrode distance is large, the presentation ratio of the direction of thickness can 
brm the silicon germanium film which changes continuously. 

0063] In addition, although the plasma-CVD equipment of the gestaU 2 of operation is the single chamber structure 
jquipped only with the reaction chamber 1, you may be the structure equipped with two or more membrane formation 
ooms. Moreover, when an insulator is used as a substrate, you may msJce it prepare an electrode behind a substrate 
separately. Moreover, in the case of the substrate electrode which is not a roll-like, membranes may be formed like the 
jestalt of this operation using plasma-CVD equipment equipped with a means to move this substrate electrode. In 
iddition, this invention is used in order to change it while forming the presentation ratio of two or more kinds of matter, 
ind the same effectiveness can be acquired even if it is the case where for example, not only the silicon germanium film 
)ut the silicon carbon film is formed. Moreover, this invention may be used when forming the semi-conductor layer of a 
luperstructure. 

0064] moreover, in having the 2nd electrode which has two or more slant faces which incline in the migration direction 
)f the 1st electrode used as a substrate When the plasma-CVD equipment for forming the film to which the presentation 
atio of the direction of thickness was changed continuously is manufactured, The 1st electrode used as a substrate 
noving, therefore controlling the flow rate of material gas, and changing a presentation ratio to difficult conventional 
)lasma-CVD equipment It replaces with the 2nd conventional plate-like electrode, and manufacture can offer the good 
)lasma-CVD equipment of a controllability easily, without having a complicated control means, in order to have the 2nd 
jlectrode which has two or more slant faces which incline in the migration direction of the 1st electrode in the side whicl 
:ounters said 1st electrode. 

0065] moreover, in using the 2nd electrode which has two or more slant faces which incline in the migration direction 
)f the 1st electrode used as a substrate The 1st electrode used as the substrate which should form the film is arranged in z 
eaction chamber, and the material gas of the film ingredient which comes to use two or more matter is supplied all over 
laid reaction chamber. Said 1st electrode, An electrical potential difference is impressed between the 2nd electrode 

hich has two or more slant faces which incline in the migration direction of this 1st electrode in the side which counteri 
'.aid 1st electrode, and, subsequently to the direction of a flat surface of this 1st electrode, the 1st electrode is moved to it 
\X this time, material gas carries out plasma decomposition, said matter serves as a precursor, respectively, and 
:oncentration becomes low as concentration is high and it separates from this 2nd electrode near the 2nd electrode 
compared with a precursor with a large diffusion rate, and a layer with this equal concentration produces the precursor 

ith a small diffusion rate along said slant face of the 2nd electrode. For this reason, the 1st electrode passes in order twc 
)r more layers from which the concentration of each precursor differs, respectively. Since pass a layer with the high 
concentration of said precursor, the amount of vacuum evaporationo of this precursor increases, a layer with said 
concentration low when inter-electrode distance is large is passed and said amount of vacuum evaporationo decreases, 

hen the inter-electrode distance between this 1st electrode and the 2nd electrode is small. For example, the same 
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iffectiveness as the membrane fomiation approach according to claim 4 can be acquired using plasma-CVD equipment 

iccording to claim 3. 

0066] Moreover, by using a silane and germane as material gas, concentration becomes low as the germanium precursoi 
ith a small diffusion rate with larger mass than a silicon precursor has the high concentration in a gaseous phase and 
leparates from this 2nd electrode near the 2nd electrode compared with a silicon precursor. For this reason, since inter- 
ilectrode distance between the 1st electrode and the 2nd electrode is made small, the amount of vacuum evaporationo of 
I germanium precursor can be increased, said inter-electrode distance can be enlarged and said amount of vacuum 
jvaporationo can be decreased, using plasma-CVD equipment given in any [ claim 1 thru/or ] of 3 they are, the silicon 
jermanium film can be formed and the presentation ratio of this silicon germanium film can be changed to a precision. 
0067] Moreover, by setting the pressure in a reaction chamber to lOOPa or more, and setting inter-electrode distance 
)etween the 1st electrode and the 2nd electrode to 1.5cm or less, when a silane and germane are used as material gas 
Jince the plasma of high density carries out localization to the shape of a sheet from the 2nd electrode to a less than 
..5cm field and the rate of germane's precursor to the precursor of a silane becomes larger than germane*s rate to the 
lilane in material gas in this field from other parts, By moving the 2nd electrode, and bringing the 1st electrode close 
mtil it touches said field, this invention does the outstanding effectiveness so - the utilization effectiveness of germane 
nore expensive than a silane can be improved. 

0068] <Gestalt 3 of operation> drawing 7 is the mimetic diagram of the sputtering system concerning the gestalt 3 of 
)peration of this invention. About the same part as drawing 1 , the same sign is attached and detailed explanation is 
)mitted. The reaction chamber 1 has carried out evacuation of the interior suitably using the exhaust air system 2, and 
lischarge gas is suitably introduced through a supply pipe 7 and control-of-flow system 7a. Into the reaction chamber 1, 
)pposite arrangement of the target electrode 10 and the substrate electrode 12 of a plane [ opposed face ] is carried out, 
espectively. RF generator 6 for discharge is connected to a target electrode 10, and the substrate electrode 12 is 
;rounded. In addition, the potential of each electrode is suitably set up so that the plasma field 13 may be generated 
)etween a target electrode 10 and the substrate electrode 12. The substrate 5 which is the object of the membrane 
brmation to the field which counters a target electrode 10, for example, a glass substrate, is arranged at the substrate 
jlectrode 12. The target 1 1 used as the raw material of membrane formation, for example, a metallic-oxide ingredient 
:tc., counters a substrate 5, and it is arranged at a target electrode 10. The ion from the plasma field 13 collides v^th a 
arget 1 1 , and produces a spatter phenomenon, and the film of the predetermined ingredient according to a target 1 1 is 
brmed by the substrate 5. 

0069] An actuator 8 and a control section 9 operate like the case of the gestalt 1 ( drawing 1 ) of operation, and move a 
arget electrode 10 in the attachment-and-detachment durection over the substrate electrode 12. That is, an actuator 8 is a 
ifting device which drives rise and fall of a target electrode 10, and a control section 9 is a rise-and-fall control unit 
hich controls a lifting device. A control section 9 memorizes the modification data of the inter-electrode distance 
)etween the target electrode 10 from membrane formation initiation to membrane formation termination, and the 
lubstrate electrode 12 (only henceforth inter-electrode distance), and controls an actuator 8 suitably according to the 
nemorized data. The memorized data are data of inter-electrode distance when the time amount and this time amount 
Tom membrane formation initiation pass, investigate beforehand time amount required since the film which has the 
elation and this presentation ratio of inter-electrode distance and the presentation ratio of the film ingredient when 
brming membranes in this inter-electrode distance under necessary membrane formation conditions is formed on a 
:ubstrate 5, and decide on it. In addition, as long as modification to arbitration is possible for an actuator 8 and a control 
lection 9 while inter-electrode distance forms membranes, they may be what kind of structure. As an RF spatter (RF 
iputtering system), although explained, it does not restrict to this and the application to DC spatter, an ECR spatter, the 
lelicon wave plasma spatter method, etc. is also possible. 

0070] The membrane formation approach using the sputtering system concerning the gestalt 3 of operation is explained, 
^or example, if inter-electrode distance is changed using a metallic oxide as an ingredient of a target 1 1 , the presentation 
atio of the target component element in the film formed on a substrate 5 can be controlled, and membranous physical 
)roperties (for example, conductivity) can be changed. That is, a membranous presentation ratio can be controlled by 
:ontrol of inter-electrode distance, and the film can be used as an insulator (oxide), a semi-conductor, or a conductor 
metal). Moreover, it combines and the conductivity of a semi-conductor and a conductor can also be controlled to a 
)recision. Specifically, the oxygen of the metallic oxide of a target 1 1 controls the amoxmt which reaches a substrate 5 b} 
lontroUing inter-electrode distance. Since an insulator (oxide) can be formed since oxygen reaches a substrate 5 enough, 
ind oxygen cannot reach a substrate 5 when inter-electrode distance is long when inter-electrode distance is short, a 
;onductor (metal) can be formed, and when inter-electrode distance is medium, the semi-conductor which is the middle 
lonductivity of an insulator and a conductor can be formed. 
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0071] A table 5 is K (potassium) dope SrCu2 Ox in a SrCu (strontium copper) system oxide and a concrete target as a 
arget 1 1 . It uses and the membrane formation conditions at the time of changing inter-electrode distance and forming 
nembranes on a substrate 5 are shown. The thickness of the formed film is lOOnm. In addition, that what is necessary is 
ust to fix the quantity of gas fiow, precise control is completely unnecessary and serves as a good sputtering system of a 
:ontrollability, and the spatter approach. This effectiveness is the same about the gestalt 4 of operation or subsequent 



)nes. 
0072] 
A table 5] 


a 5 








K l'-::/SrCu2 0x^'-v t; h 


mm (t) 


600 


filitS5>] (Pa) 


2 


7inr>j|S (seem) 


5 


MlStEfi (6ccm) 


30 


RFji^J- (W) 


30 


^1&-^-¥v KSSaKcm) 


1-10 



0073] A table 6 shows the membrane formation conditions ZnO (zinc oxide) and at the time of changing inter-electrode 
listance, specifically using the non dope ZnO, and forming membranes on a substrate S as a target 1 1 . The thickness of 
he formed film is 200rmi. 
0074] 
A table 6] 

$ 6 











mm (t:) 


700 


(Pa) 


15 


7;i:J>jftl (accm) 


30 


RF^^'^- (W) 


150 




1-10 



0075] Drawing 8 is a graph which shows the distance dependency between substrate targets of the conductivity of the 
5rCu system oxide thin film which formed membranes according to the membrane formation conditions of a table 5 and 
I table 6, and a ZnO thin film. In a graph, an axis of abscissa shows "the distance between substrate-targets" (distance 
)etween substrate targets), and an axis of ordinate shows "conductivity." In addition, in the graduation of conductivity, 
..OOE+02 mean 1x102. Also in any of a SrCu system oxide thin film and a ZnO thin film, the film with the large 
conductivity of an insulator to a metal is formed so that clearly from drawing. A reason is that activity oxygen will stop 
)eing able to reach even a substrate 5 easily, oxidation will stop being able to happen easily, and the ingredient near a 
netal presentation will be formed to not only a metal atom but an activity oxygen atom reaching a substrate 5 if the 
listance between substrate targets (inter-electrode distance) is short, a metal atom oxidizing, and an insulator being 
brmed if the distance between substrate targets (inter-electrode distance) is long as mentioned above. 
0076] Drawing 9 is structural drawing showing the cross-section structure of the semiconductor device created with the 
puttering system concerning the gestalt 3 of operation. This drawing (a) is the semiconductor device (pn junction 
levice) of the example concerning this invention, and (b) is the semiconductor device (pn junction device) created by the 
conventional approach shown for reference. In this drawing (a), it forms on the glass (glass) substrate 14 according to the 
jonditions which show the ZnO film 15 of 600nm of thickness in a table 6. Under the present circumstances, it forms in 
^nO semi-conductor thin film 15S continuously from ZnO metal membrane 15M, without changing the distance 
)etween substrate targets continuously firom 10cm to 4cm, and exposing it to the open air with a single sputtering system 
without taking out to the exterior of a sputtering system). Since ZnO semi-conductor thin film 15S become a n-type 
lemiconductor, ZnO metal membrane 15M are equivalent to n terminal electrode. It forms after ZnO semi-conductor thu 
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ilm 15S formation according to the conditions which show the SrCu system oxide thin film 16 of 200nm of thickness in 
I table 5. Under the present circumstances, it forms in SrCu system oxide metal thin film 16M continuously from SrCu 
;ystem oxide-semiconductor thin film 16S, without changing the distance between substrate targets continuously fi-om 
)cm to 10cm, and exposing it to the open air with a single sputtering system (without taking out to the exterior of a 
puttering system). Since SrCu system oxide-semiconductor thin film 16S become a p type semiconductor, the SrCu 
lystem oxide metal thin film 1 6 is equivalent to p terminal electrode. 

0077] In this drawing (b), on a glass substrate 14, the ITO (indium tin oxide) film 17 of 300nm of thickness is formed, 
lext the n-ZnO (n mold ZnO) film 1 8 of 400nm of thickness is formed by the conventional spatter. The ZnO membrane 
brmation conditions in this case are conditions of a table 6, and when the distance between substrate targets is fixed witl 
km, they correspond. The p-SrCu (p mold SrCu) system oxide film 19 of 150nm of thickness is formed further after 
his. The membrane formation conditions of the SrCu system oxide in this case are conditions of a table 5, and when the 
iistance between substrate targets is fixed with 6cm, they correspond. The aluminum (aluminum) film 20 of 30nm of 
hickness is formed with vacuum deposition on the p-SrCu system oxide film 19. The ITO film 17 is equivalent to n 
erminal electrode, and the aluminum film 20 is equivalent to p terminal electrode. 

0078] Drawing 10 is property drawing showing the property of the semiconductor device in drawing 9 . It is current I 
mA) to which an axis of abscissa flows to applied- voltage [ to jimction ] V (V) among drawing, and an axis of ordinate 
lows to junction. Curve A is the semiconductor device (pn junction device) of the example conceming this invention, 
ind Curve B is the semiconductor device (pn junction device) created by the conventional approach. The semiconductor 
ievice conceming this invention has small series resistance, and the good rectifying characteristic is acquired as 
lompared with the semiconductor device created by the conventional approach. This difference is so remarkable that a 
current becomes large. That series resistance of the semiconductor device conceming this invention is made small In the 
LnO thin film 15, a connection can be continuously formed in the semi-conductor film (ZnO semi-conductor thin film 
.5S) from a metal membrane (ZnO metal thin film 15M), In the SrCu system oxide thin film 16, firom the ability of a 
jonnection to be continuously formed in a metal membrane (SrCu system oxide metal thin film 16M) firom the semi- 
conductor film (SrCu system oxide-semiconductor thin film 16S) Contact resistance in each connection can be made 
imall, and since the so-called contact property improved, it thinks. 

0079] Moreover, it sets to the semiconductor device created by the conventional approach. An ITO film 17 formation 
)rocess, an n mold ZnO film 18 formation process, a p mold SrCu system oxide film 19 formation process. Four 
)rocesses of an aluminum film 20 formation process are required, to needing a manufacturing installation different 
noreover, in the semiconductor device of the example conceming this invention, two processes of a ZnO thin film 1 5 
brmation process and a SrCu system oxide thin film 16 formation process are sufficient, and a manufacturing cost can 
lecrease substantially. 

0080] In addition, as a target, there is no need of restricting to ZnO and SrCu system oxide, and it can be similarly 
ipplied to other oxide, for example, oxidization copper, ferrous oxide, titanium oxide, etc. Moreover, it does not restrict 
o a pn junction device as a device, and can apply to other semiconductor devices, for example, a thin film transistor, an 
IL element, a solar battery, etc. similarly. Moreover, control of the continuous conductivity of an insulator to a 
conductor enables it to realize the device of vmprecedented new structure. For example, in a thin film transistor, 
brmation of a new gate electrode with a continuous physical-properties (conductivity) change of an insulator to a 
conductor etc. is attained. 

0081] The sputtering system concerning the gestalt 3 of operation is used for the membrane formation approach 
conceming the gestalt 4 of the <gestalt 4 of operation> operation. For example, if inter-electrode distance is changed 
ising the matter which contains two or more elements as an ingredient of a target 1 1, the presentation ratio of the target 
component element in the fihn formed on a substrate 5 is controllable. Generally from the energy of the element emitted 
o a gaseous phase fi-om a target 1 1 being determined by ion collision, the rate of an element with big mass becomes 
:low. That is, to the substrate 5 of a long distance [ element / heavier ], it is hard to reach, and the presentation ratio in 
he formed film becomes small to it. Therefore, if this phenomenon is used, the presentation ratio of the element in the 
ilm formed by controlling inter-electrode distance is controllable using the target 1 1 containing two or more elements. 
\.ccording to this approach, in formation of the compound system thin film containing two or more elements, such as 
5iGe (silicon germanium), an alloy system thin film, etc., a presentation ratio is controllable to a precision. 
0082] A table 7 shows the membrane formation conditions at the time of changing inter-electrode distance and forming 
nembranes on a substrate 5, using SiGe as a target 11. The thickness of the formed film is 200nm. 
0083] 
A table 7] 
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0084] Drawing 1 1 is a graph which shows the relation of the presentation ratio and inter-electrode distance in the 
iirection of thickness of the SiGe thin film which formed membranes according to the membrane formation conditions 
)f a table 7. The inter-electrode distance (mm) at the result of having measured distribution of the presentation ratio (%) 
)f germanium to Si by SIMS about the case where changed the amorphous SiGe thin film and inter-electrode distance 
distance of a substrate 5 and a target 1 1) is formed on the glass substrate 5, and the time of the thickness (depth location 
brmation corresponding to a SIMS measure point is shown. Moreover, although it will become a different numeric 
alue fi"om inter-electrode distance and a presentation ratio if it does not pass over the numeric value in drawing in the 
jxample but membrane formation conditions etc. are changed, there is no change in a presentation ratio being 
jontrollable to accuracy by changing inter-electrode distance. In addition, in the conventional spatter, in order to change 
I presentation ratio in the film to form, it is impossible to change a presentation ratio continuously in the thin film as 
:hanged the presentation ratio of a target 1 1 and shown in drawing. 

0085] <The gestalt 5 of operation> [0086] In the membrane formation approach concerning the gestalt 5 of operation, 
he sputtering system applied, for example to the gestalt 3 of operation is used. For example, if inter-electrode distance is 
;hanged when forming membranes using the thing containing the element which has the property which serves as a gas 
n the inside of two or more of these elements including two or more elements as an ingredient of a target 1 1 , in the film 
brmed on a substrate 5, the presentation ratio of an element which has a property used as a gas is controllable, 
jenerally, it is tended to carry out localization of the plasma (plasma field 13 reference) by glow discharge near a target 
slectrode 10. In this case, if the element which has a property used as a gas when the film containing two or more 
ilements containing the element which has a property used as a gas is formed by the spatter separates from the plasma 
hich carries out localization, it will be gasificated, and it becomes that it is hard to be incorporated in the film to form, 
rherefore, if this phenomenon is used, the presentation ratio of the element in the film formed by controlling inter- 
Jectrode distance using the target 1 1 of the ingredient containing the element which has a property used as a gas to the 
nside of two or more elements is controllable. According to this approach, in formation of the metallic-oxide thin fihn 
containing the element which has the property which serves as a gas among base, a nitride thin film, etc., a presentation 
atio is controllable to a precision. 

0087] A table 8 shows tiie membrane formation conditions at the time of changing inter-electrode distance and forming 
nembranes on a substrate 5, using ZnO as a target 1 1 . The thickness of the formed film is 200nm. 
0088] 
A table 8] 
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0089] Drawing 12 is a graph which shows the relation of the presentation ratio and inter-electrode distance in the 
Iirection of thickness of the ZnO thin film which formed membranes according to the membrane formation conditions o: 
I table 8. The inter-electrode distance (mm) at the result of having measured distribution of the presentation ratio (%) of 
D to Zn by SIMS about the case where changed the ZnO thin film and inter-electrode distance (distance of a substrate 5 
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ind a target 11) is formed on the glass substrate 5, and the time of the thickness (depth location) formation corresponding 
o.a SIMS measure point is shown. Moreover, although it will become a different numeric value from inter-electrode 
iistance and a presentation ratio if it does not pass over the numeric value in drawing in the example but membrane 
brmation conditions etc. are changed, there is no change in a presentation ratio being controllable to accuracy by 
changing inter-electrode distance. In addition, in the conventional spatter, in order to change a presentation ratio in the 
ilm to form, it is impossible to change a presentation ratio continuously in the thin film as changed the presentation ratic 
)f a target 1 1 and shown in drawing. 

0090] In the membrane formation approach conceming the gestalt 6 of the <gestalt 6 of operation> operation, the 
iputtering system applied, for example to the gestalt 3 of operation is used. The membrane formation approach of this 
nvention performs valence-electron control (pn control) of an II-VI group semi-conductor thin film by changing inter- 
jlectrode distance (distance between substrate targets), when forming an II-VI group semi-conductor thin film using the 
;as which contains V group atom as discharge gas (sputtering gas). Since valence-electron control of a semi-conductor 
hin film can be performed by changing inter-electrode distance, the electronic devices (TFT, FET, etc.) of the transistor 
0 which two or more pn junction can be formed in, for example, pn jimction has not only one rectifying device (diode) 
)ut pnp or npn junction, and others can be created by repeating valence-electron control. 

0091] For example, a ZnO thin film is formed as an II-VI group semi-conductor thin film, using nitrogen oxide gas 
NO, N02, N2 O, etc.) as gas containing V group atom. In this case, a p mold conductivity ZnO thin film can be 
controlled and formed in a precision by lengthening inter-electrode distance by forming an n mold conductivity ZnO thir 
ilm, and shortening inter-electrode distance. If inter-electrode distance is shortened, into the film which becomes easy tc 
each a substrate 5 and is formed in it, activity nitrogen and a nitrogen oxide radical will become easy to incorporate 
litrogen, and will serve as p mold conductivity. If inter-electrode distance is lengthened, into the film which stops being 
ible to reach a substrate 5 easily and is formed in it, activity nitrogen and a nitrogen oxide radical will stop being able to 
ncorporate nitrogen easily, and will serve as n mold conductivity. 

0092] In addition, the example of concrete membrane formation conditions is as follows. ZnO made it as the non dope 
99.99% of purity), and the substrate 5 was made glass. Membrane formation conditions were made into the substrate 
emperature of 300 degrees C, the pressure of IPa, and RF power density 10 W/cm, changed inter-electrode distance 
distance of a substrate 5 and a target 11) among 2- 10cm, and formed the ZnO thin film. The thickness of the formed 
ilm is 200nm. Moreover, the ZnO thin film of n mold conductivity can be easily formed by controlling the amount of 
)xygen defects (increment), or using the target ingredient which added the impurity which serves as aluminum 
aluminum) and donors, such as Ga (gallium). 

0093] ZnO is used as a target 1 1, N2 O (dinitrogen oxide) is used for it as sputtermg gas, and a table 9 shows the inter- 
ilectrode distance at the time of changing inter-electrode distance and forming membranes on a substrate 5, and the 
•elation of a conductivity type and conductivity. As shown in this table, the conductivity of a ZnO thin film changes fron 
) mold to n mold as inter-electrode distance becomes long, and it is changing from n mold to p mold as inter-electrode 
Iistance becomes short. 
0094] 
A table 9] 
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0095] Drawing 13 is property drawing showing the property of the semiconductor device (pn junction device) created 
)y valence-electron control in a table 9. Among drawing, the electrical potential difference (V) which impresses an axis 
)f abscissa to junction, and an axis of ordinate are currents (mA) which flow to junction, and show the good rectifying 
iharacteristic. In addition, inter-electrode distance was set to 2cm at the time of p mold ZnO thin film formation, and wa: 
let to 10cm at the time of n mold ZnO thin film formation. The outline of a production process is as follows. Glass with 
he transparence electric conduction film (substrate 5) has been arranged to the sputtering system, inter-electrode 
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listance was set as 2cm, and the p mold ZnO thin film was formed. Then, inter-electrode distance was changed and set 
IS, 10cm, set in a sputtering system, and the n mold ZnO thin film was formed continuously. Then, the metal electrode 
as formed. With the same sputtering system, since pn junction can be formed continuously, a throughput is made early 
lubstantially. 

0096] In the membrane formation approach concerning the gestalt 7 of the <gestalt 7 of operation> operation, the 
iputtering system applied, for example to the gestalt 3 of operation is used. The membrane formation approach of this 
nvention controls tiie concentration in the film of the element contained in reactant gas by controlling inter-electrode 
listance, when it includes the element contained in discharge gas (sputtering gas) in reactant gas including reactant gas 
n the film formed by the spatter. Generally, it is tended to carry out localization of the plasma (plasma field 13 
eference) by glow discharge near a target electrode 10. When forming the film by the spatter using the gas containing 
eactant gas, if it separates from the plasma which carried out localization, since it will join together again and will retun 
o stable gas, as for the reactant gas decomposed in the plasma field 13, the film becomes is hard to be incorporated, 
rherefore, if this phenomenon is used, the concentration in the inside of the film of the element contained in reactant gas 
s controllable to a precision by changing inter-electrode distance using the same target and the same sputtering gas. By 
nodification of inter-electrode distance, control of doping of the semi-conductor thin film to form, hydrogenation, etc. 
;an be simplified. 

0097] A table 10 shows the membrane formation conditions at the time of changing inter-electrode distance and 

brming membranes on a substrate 5, using PH3 (phosphine) as reactant gas. The thickness of the formed film is 200nm. 

rhe ratio of PH3 to Ar is 1%. 

0098] 

A table 10] 
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0099] Drawing 14 is a graph which shows the relation of the P (Lynn) concentration and inter-electrode distance in the 
lirection of thickness of Si thin film which formed membranes according to the membrane formation conditions of a 
able 10. Applying this drawing (a) to this invention, (b) is a graph which shows the relation of the P concentration and 
he quantity-of-gas-flow ratio in the direction of thickness of Si thin film which formed membranes by control of the 
conventional quantity of gas flow shown as reference. This drawing (a) shows the inter-electrode distance (mm) at the 
esult of having measured distribution of P concentration (at%) to Si by SIMS about the case where changed Si thin film 
uid inter-electrode distance (distance of a substrate 5 and a target 1 1) is formed on the glass substrate 5, and the time of 
he thickness (depth location) formation corresponding to a SIMS measure point. Moreover, although it will become a 
iifferent numeric value from inter-electrode distance and P concentration if it does not pass over the numeric value in 
Irawing in the example but membrane formation conditions etc. are changed, there is no change in P concentration 
iistribution being controllable to accuracy by changing inter-electrode distance. In addition, although it was n mold dope 
hich used PH3 in the example, p mold dope using B-2 H6 (diboron hexahydride) etc. is also possible. Moreover, as a 
jemiconductor material, things otiier than Si are also applicable. Although this drawing (b) is changing distribution of P 
concentration (at%) in the film formed by changing the quantity-of-gas-flow ratio (%) of PH3 to Ar, it cannot perform 
control with it, but is clear in a controllability being bad as compared with the membrane formation approach of this 
nvention. [ a blvmt reaction and ] [ quick ] 

0100] A table 1 1 shows the membrane formation conditions at the time of changing inter-electrode distance and 

brming membranes on a substrate 5, using hydrogen as reactant gas. The thickness of the formed film is 200nm. The 

atio of the hydrogen (H2) to Ar is 30%. 

0101] 

A table 11] 
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0102] Drawing 15 is a graph which shows the relation of the hydrogen concentration and inter-electrode distance in the 
lirection of thickness of the ZnO thin film which formed membranes according to the membrane formation conditions o: 
I table 1 1 . Applying this drawing (a) to this invention, (b) is a graph which shows the relation of the hydrogen 
concentration and the quantity-of-gas-flow ratio in the direction of thickness of the ZnO thin film which formed 
nembranes by control of the conventional quantity of gas flow shown as reference. This drawing (a) shows the inter- 
jlectrode distance (mm) at the result of having measured distribution of the hydrogen concentration (at%) to ZnO by 
5IMS about the case where changed the ZnO thin film and inter-electrode distance (distance of a substrate 5 and a target 
. 1) is formed on the glass substrate 5, and the time of the thickness (depth location) formation corresponding to a SIMS 
neasure point. Moreover, although it will become a different numeric value fi-om inter-electrode distance and hydrogen 
concentration if it does not pass over the numeric value in drawing in the example but membrane formation conditions 
itc. are changed, there is no change in hydrogen concentration distribution being controllable to accuracy by changing 
nter-electrode distance. Although this drawing (b) is changing distribution of the hydrogen concentration (at%) in the 
ihn formed by changing the quantity-of-gas-flow ratio (%) of hydrogen (H2) to Ar, it cannot perform control with it, bu 
s clear in a controllability being bad. [ a blunt reaction and ] [ quick ] 

0103] <Gestalt 8 of operation> drawing 16 is the mimetic diagram of the sputtering system concerning the gestalt 8 of 
)peration of this invention. About the same part as drawing 1 , drawing 5 , and drawing 7 , the same sign is attached and 
letailed explanation is omitted. In a reaction chamber 1, the substrate electrode 31 is formed in the shape of a roll, and is 
irranged. The substrate electrode 31 currently rolled round by the rolling-up roll 81 is rolled round fi"om the roUing-up 
oil 81, moves to a roll 82 continuously and is rolled round by the rolling-up roll 82. The whole surface by which the 
lubstrate (graphic display abbreviation) of the substrate electrode 31 is arranged is countered, and the target electrode 10 
hich has two or more slant faces along the travelling direction of the substrate electrode 31 is arranged. In the travelling 
lirection of the substrate electrode 31, the inter-electrode distance between the substrate electrodes 31 inclines gently so 
hat it may change gradually, and the slant face of a target electrode 10 is formed so that the direction which narrows 
nter-electrode distance, and the direction made large may become by tums. In addition, the predetermined film 
iccording to inter-electrode distance is formed in the substrate which the target (graphic display abbreviation) suitably 
equired for the field which counters the substrate electrode 3 1 of a target electrode 10 has been arranged, and has been 
irranged by the reaction of the plasma field 13 at the substrate electrode 1. 

0104] You may make it change inter-electrode distance by changing the configuration of the substrate electrode 31. 
Uthough the reaction chamber 1 is used as the single chamber, it is also possible to consider as two or more reaction 
chambers. As long as the need of restricting in the shape of a roll is the approach of there not being, and forming 
nembranes while moving, it may be what kind of thing. Migration can also be considered as the configuration which nol 
he substrate electrode 31 but the target electrode 10 moves. According to this sputtering system, as compared with the 
•puttering system concerning the gestalt 3 of operation, mass production nature improves substantially. Moreover, also u 
he membrane formation approach conceming the gestalt 3 of operation thru/or 7, the sputtering system concerning the 
jestalt 8 of operation can be applied, and the volume efficiency in each membrane formation approach can be heightenec 
urther. 

0105] <Gestalt 9 of operation> drawing 17 is the mimetic diagram of the sputtering system conceming the gestalt 9 of 
)peration of this invention. About the same part as drawing 1 , drawing 5 , drawing 7 , and drawing 16 , the same sign is 
ittached and detailed explanation is omitted. Two or more partial electrodes 10a and 10b which make the substrate 
ilectrode 31 and a parallel flat surface, and coimter, and the target electrode 10 equipped with ... are arranged along the 
ravelling direction of the substrate electrode 31. Two or more partial electrodes 10a and 10b are changing inter-electrod< 
listance with the substrate electrode 3 1 . This inter-electrode distance and the die length in the migration direction are 
luitably set up according to the description of the film to form etc. In addition, the predetermined film according to inter- 
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ilectrode distance is formed in the substrate which the target (graphic display abbreviation) suitably required for the fiek 
hich counters the substrate electrode 3 1 of a target electrode 10 has been arranged, and has been arranged by the 

eaction of the plasma field 13 at the substrate electrode 1 . In addition, it is possible to consider as the same 

lonfiguration as the gestah 8 of operation. According to this sputtering system, as compared with the sputtering system 

lonceming the gestalt 3 of operation, mass production nature improves substantially like the gestalt 8 of operation, 
oreover, also in the membrane formation approach conceming the gestalt 3 of operation thru/or 7, the sputtering 

lystem conceming the gestalt 9 of operation can be applied, and the volume efficiency in each membrane formation 

ipproach can be heightened further. 

0106] 

Effect of the Invention] Since it considered as the configuration which carries out adjustable control of the distance 
)etween the part of the 1st electrode and the 2nd electrode which should arrange a substrate according to the membrane 
brmation equipment of this invention, it becomes possible to be able to control the physical properties of the film to 
brm easily, and to offer the good membrane formation equipment of the controllability with sufficient productivity 
hich can form membranous. 

0107] According to the plasma-CVD equipment of this invention, the plasma-CVD equipment for forming the film to 
hich the presentation ratio of the direction of thickness was changed continuously can be offered by having a means to 
:hange the inter-electrode distance between the 1st electrode and the 2nd electrode. To conventional plasma-CVD 
iquipment equipped with the actuator which adjusts the inter-electrode distance between the 1st electrode which should 
irrange a substrate, and the 2nd electrode It is supposed that a means to control said actuator to change according to the 
dtuation of the film which forms the inter-electrode distance between the 1st electrode and the 2nd electrode according 

0 the modification data of inter-electrode distance is added. Manufacture can offer the good plasma-CVD equipment of 

1 controllability easily, without having a complicated control means, since it is not necessary to design this means in 
:onsideration of the detailed flow of material gas. 

0108] Moreover, the plasma-CVD equipment for forming the film to which the presentation ratio of the direction of 
hickness was changed continuously can be offered by having the 2nd electrode which has two or more slant faces which 
ncline in the migration direction of the 1st electrode or the 2nd electrode. At least one side moves among the 1st 
ilectrode which should arrange a substrate, or the 2nd electrode. To therefore, difficult conventional plasma-CVD 
iquipment, controlling the flow rate of material gas and changing a presentation ratio In order to have the 2nd electrode 

hich has two or more slant faces which replace with the 2nd conventional plate-like electrode, and incline in the 
nigration direction of the 1st electrode or the 2nd electrode in the side which counters said 1st electrode. Manufacture 
;an offer the good plasma-CVD equipment of a controllability easily, without having a complicated control means. 
0109] According to the membrane formation approach of this invention, by making the 2nd electrode approach or 
solate, the substrate which should form the film is arranged to the 1st electrode, the material gas (a silane and germane) 
)f the film ingredient (for example, siUcon germanium) which comes to use two or more matter is supplied all over a 
eaction chamber, and an electrical potential difference is impressed to the 1st electrode which arranges the substrate 
)etween the 1st electrode and the 2nd electrode. At this time, material gas carries out plasma decomposition, said matter 
lerves as a precursor (a silicon precursor and germanium precursor), respectively, and when this precursor vapor- 
leposits to a substrate, the film (silicon germanium film) is formed in a substrate. The presentation ratio of the film 
ngredient deposited on the substrate is proportional to the ratio of concentration of the precursor with which this 
tubstrate touched. Concentration becomes low as the precursor with a small diffusion rate has the high concentration in e 
gaseous phase and separates from this 2nd electrode near the 2nd electrode compared with a precursor with a large 
liffiasion rate. For this reason, inter-electrode distance between the 1st electrode and the 2nd electrode is made small 
luring membrane formation, and the presentation ratio of a film ingredient can be changed to a precision, without 
changing other formation conditions, such as a flow rate of material gas, or discharge conditions, using plasma-CVD 
iquipment according to claim 2, since a diffiision rate can increase the amount of vacuum evaporationo of a small 
)recursor, can enlarge said inter-electrode distance and can decrease said amount of vacuum evaporationo. 
0110] Moreover, since said concentration falls more rapidly and regularly as it comes to carry out localization of the 
)lasma to the 2nd electrode side extremely and separates from this 2nd electrode the more, the more the pressure in a 
eaction chamber is high, when the plasma is being generated in a reaction chamber, the presentation ratio of a film 
ngredient can be changed more to a precision. Moreover, near the 2nd electrode, since the concentration of a precursor 

ith a small diffiision rate becomes high, the ratio of concentration of a precursor becomes larger than the flow rate of 
naterial gas, the alimentation of a film ingredient with the small diffiision rate of a precursor increases, and the 
itilization effectiveness of this film ingredient improves. 

0111] Moreover, by using the 2nd electrode which has two or more slant faces which incline in the migration direction 
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)f the 1st electrode or the 2nd electrode The substrate which should form the film is arranged to the 1st electrode, the 
n^terial gas of the film ingredient which comes to use two or more matter is supplied all over a reaction chamber, and ar 
:lectrical potential difference is impressed between said 1st electrode and the 2nd electrode which has two or more slant 
aces. Subsequently At least one side is moved in the direction of a flat surface of the 1st electrode among the 1st 
Jectrode or the 2nd electrode. At this time, material gas carries out plasma decomposition, said matter serves as a 
)recursor, respectively, and concentration becomes low as concentration is high and it separates firom this 2nd electrode 
lear the 2nd electrode compared with a precursor with a large diflfusion rate, and a layer with this equal concentration 
)roduces the precursor with a small diffusion rate along said slant face of the 2nd electrode. For this reason, the 1st 
electrode will pass in order two or more layers from which the concentration of each precursor differs, respectively. 
Jince pass a layer with the high concentration of said precursor, the amount of vacuum evaporationo of this precursor 
ncreases, a layer with said concentration low when inter-electrode distance is large is passed and said amoimt of vacuunc 
!vaporationo decreases, when the inter-electrode distance between this 1st electrode and the 2nd electrode is small. For 
example, the same effectiveness as the membrane formation approach according to claim 4 can be acquired using 
)lasma-CVD equipment according to claim 3. 

0112] Since [ according to the membrane formation approach using the sputtering system and this sputtering system of 
his invention ] it has a means to change the inter-electrode distance between the 1st electrode and the 2nd electrode 
)hysical properties (a conductor — ) which are different in a single sputtering system, a single target, and a single process 
The sputtering system which can form film, such as classification of a semi-conductor and an insulator, a presentation, a 
)resentation ratio, a conduction type, and conductivity, in arbitration, And when the membrane formation approach can 
)e offered, for example, an oxide ingredient is used for a target, the sputtering system which can make a membranous 
:lass with a conductor, a semi-conductor, and an insulator, and can divide it, and the membrane formation approach can 
)e offered. 

0113] Since [ according to the membrane formation approach using the sputtering system and this sputtering system of 
his invention ] it has the 2nd electrode which has two or more slant faces which incline in the migration direction of the 
.St electrode or the 2nd electrode physical properties (a conductor -) which are different in a single sputtering system, a 
lingle target, and a single process The sputtering system excellent in the mass production nature which can form film, 
luch as classification of a semi-conductor and an insulator, a presentation, a presentation ratio, a conduction type, and 
conductivity, in arbitration, And when the membrane formation approach can be offered, for example, an oxide 
ngredient is used for a target, the sputtering system which can make a membranous class with a conductor, a semi- 
conductor, and an insulator, and can divide it, and the membrane formation approach can be offered. 
0114] Since [ according to the membrane formation approach using the sputtering system and this sputtering system of 
his invention ] it has the 2nd electrode which has two or more partial electrodes with which the distance between the 1st 
electrode differs physical properties (a conductor — ) which are different in a single sputtering system, a single target, and 
I single process The sputtering system excellent in the mass production nature which can form film, such as 
classification of a semi-conductor and an insulator, a presentation, a presentation ratio, a conduction type, and 
conductivity, in arbitration, And when the membrane formation approach can be offered, for example, an oxide 
ngredient is used for a target, the sputtering system which can make a membranous class with a conductor, a semi- 
conductor, and an insulator, and can divide it, and the membrane formation approach can be offered. 
0115] According to the membrane formation approach using the sputtering system and this sputtering system of this 
nvention, in formation of the metallic-oxide thin film containing the element which has the property which serves as a 
;as among base, for example, a nitride thin film, etc., the sputtering system which can control a presentation ratio to a 
)recision, and the membrane formation approach can be offered. Moreover, it faces, forming an II-VI group semi- 
conductor thin film for example, and the sputtering system which can make an II-VI group semi-conductor thin film witl 
) mold and n mold at the time of formation, and can divide a membranous class, and the membrane formation approach 
can be offered by controlling inter-electrode distance by forming the film by which valence-electron control was carried 
)ut in the direction of thickness. Moreover, the sputtering system which can control the concentration in the film of the 
clement contained in reactant gas, for example, and the membrane formation approach can be offered. 
0116] It faces carrying out modification control of the physical properties of the film to form according to the 
nembrane formation approach using the sputtering system and this sputtering system of this invention, since membranes 
can be formed without taking out the substrate with which the film is formed to the exterior of a sputtering system, 
dmplification of a device creation process is attained and a throughput becomes early, as a result it becomes improvable 
reduction of a manufacturing cost, and a property ]. Moreover, since control of the film is made to arbitration, efficient 
ormation of creation of a new structure device, a modulation dope ingredient, a multilayer, and energy gap modulation 
imorphous materials is attained. Furthermore, precise control of a control-of-flow system is effective in becoming 
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;ompIetely unnecessary. 

Translation done.] 
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